CLEANING LIQUID USED IN PHOTOLITHOGRAPHY AND 
A METHOD FOR TREATING SUBSTRATE THEREWITH 

BACKGROUND OF THE INVENTION 

1, Field Of the Invention 

The present Invention relates to a cleaning liquid used In 
photolithography for stripping and dissolving a thick photoresist 
pattern, and a method for treating a substrate therewith. The 
cleaning liquid of the Invention Is suitably applied especially 
for the formation of a bump In the production of a semiconductor 
device, such as IC and LSI. 

2. Description of Related Art 

In recent years, with the highly integration of semi- 
conductor devices such as IC and LSI and downslsslng of chip slze^ 
it has been required to mlcronize metallic wirings and to align 
bumps (minute salient electrodes) having a height of 20 \m or more 
on a substrate with high precision as connection terminals. In 
future^ In conformity to further downsizing of chip size, highly 
precision of metallic wirings and bumps will become further 
necessary. 

The bump formation is carried out by. for example « providing 
a metallic thin film on a substrate, forming a thick photoresist 
pattern on the metallic thin film by photolithography t:echnlgue , 
providing a conductive layer on the photoresist pattern- uncovered 
area (i.e.. a metallic thin film-exposed area) of the substrate 
to form bumps, and then removing the photoresist pattern. 

Since the photoresist pattern is formed thickly usually In 
a film thickness of about 10 - 150 |>un. the photoresist to be used 



Is preferred negative-working photoresist materials In view of 
resistance to plating, pattern shape property, etc« However, it 
is difficult in removing photoresist pattern made of the 
negative -working photoresist materials as compared with the one 
5 made of positive-working photoresist materials. Thus, it is much 
more difficult in removing a thickly formed photoresist pattern 
made of the negative- working photoresist materials. 

Further, during the formation process of the thick 
photoresist pattern, it is inevitable the pattern is liable to 

10 cause deformation in its shape, such as collapse and deficiency, 
because of its heavy film thickness. In such a case, it is 
necessary to discontinue the subsequent process and to carry out 
a re-work by removing away the deformed photoresist pattern from 
the substrate on the way of the works and do over again the 

15 formation of the photoresist pattern process from the first - 

In any case of the removal of the photoresist pattern after 
the bump formation or the removal of the photoresist pattern for 
the re- work, after the immersion of the '^ubstrate having thereon 
a thick photoresist pattern in a cleaning liquid tank and thereby 

20 Stripping (falling down) the pattern from the substrate, it is 
required the stripped-away photoresist pattern (cured material) 
be rapidly and completely dissolved in the cleaning liquid tank. 
When the stripped-away photoresist pattern remains in the 
cleaning liquid tank in a state of being Insufficiently dissolved, 

25 there is the fear of a re- adhesion of the remaining cured ^ 
photoresist pattern to the substrate, or in a continuous 
processing/ to the subsequent substrate to be treated, which cause 
the Inefficiency of the production. The. prevention of corrosion 
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of the metallic thin film is also required. In addition, in 
forming a bump on the substrate, a degenerated film is possibly 
formed at the interface between the photoresist pattern and the 
bump. It is therefore necessary to prevent the formation of such 
5 a degenerated film and to prevent the ;bump from corrosion. 

JP-A-08-301911 describes a radiation- sensitive resin 
composition as a pattern forming material for the use of a bump 
formation and discloses in paragraph Nos. [0032] and [0043] a 
mixture of a quaternary ammonium « dimethyl sulfoxide and water 

10 (specif Ically^ a dimethyl sulfoxide solution of 0.5 mass % of 
tetramethylammonlum hydroxide (containing 1.5 mass % of water)) 
as a stripping liquid for stripping a photo-cured pattern. 
However, this stripping liquid involves problems such that it 
takes a time to dissolve the photo-cured pattern that was stripped 

15 away from the substrate in the stripping liquid, and that the 
throughput is low. 

JP-A- 10-239865 describes a formulation containing specific 
amounts of dimethyl sulfoxide, 1,3 -dimethyl- 2 -imidazolidinone, 
a tetraalkylammonlum hydroxide, and water as a stripping liquid 

20 for stripping a negative -working photoresist for forming a bump. 
As Is the case of JP-A-08-301911 above, JP-A-10-239865 also 
Involves problems such that it takes a time to dissolve the 
photo -cured pattern that was stripped away from the substrate in 
the stripping liquid, and that the throughput is low- Further, 

25 the stripping solution In JP-A-10-239865 contains 

1 , 3-dimethyl-2-imidazolldinone as an essential component. This 
compound causes discoloration or corrosion of Cu. 

In the photolithographic field, JP-A-2001-324823, 



JP-A-07-028254^ etc., dlsclose stripping liquids containing a 
quaternary ammonium hydroxide and a water-soluble organic solvent 
such as dimethyl sulfoxide. However « none of those describe at 
all the removability of the hardly removable photoresists that 
5 are suitably used for forming a thick pattern for the formation 
of a bump. 

SUMMARY OF THE IWVBNTION 
The object of the Invention Is to provide a cleaning liquid 
10 capable of not only stripping a thick photoresist pattern to be 
used for bump formation, etc.. from a substrate but also rapidly 
and completely dissolving the stripped .photoresist pattern 
without causing re-adhesion to the substrate or the subsequent 
substrate(s) , and a method for treating a substrate using the 
15 Cleaning liquid. 

The present Invention Is to provide a cleaning liquid for 
stripping and dissolving a photoresist pattern having a film 
thickness of 10 - 150 ^m, which contains (a) 0,5 - 15 mass % of 
a quaternary £unmonlum hydroxide represented by the following 
20 general formula (I): 

OK (I) 

wherein all groups or at least three groups of Ri, R2, R3. and R4 
each independently represents an alkyl group or a hydroxyalkyl 
group each having 3 «- 6 carbon atoms, and one group of Ri« R2* R3# 
25 and R4 may represent an alkyl group or a hydroxyalkyl group each 
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having 1-6 carbon atoms, (b) 65 - 97 mass % of a water-soluble 
organic solvent, and (c) 0-5 - 30 mass % of water. 

Also, the present Invention Is to provide a method for 
treating a substrate, comprising formliiig a photoresist pattern 
5 having a film thickness of 10 - 150 \m on a substrate having a 
metallic thin film thereon^ providing a conductive layer on a 
metallic thin film- exposed area or a photoresist pattern un- 
covered area, and bringing the photoresist pattern into contact 
with the cleaning liquid to strip and dissolve the photoresist 
10 pattern • 

Also, the present invention is to provide a method for 
treating a substrate, comprising forming a photoresist pattern 
having a film thickness of 10 - 150 pm on a substrate having a 
metallic thin film thereon, bringing the photoresist pattern into 
15 contact with the cleaning liquid to strip and dissolve the 

photoresist pattern, without providing a conductive layer on a 
metallic thin film-exposed area or a photoresist pattern un- 
covered area. 

20 DETAILED DESCRIPTION OF THE INVENTION 

The cleaning liquid of the invention is used for stripping 
and dissolving a photoresist pattern having a film thickness of 
10 - 150 |jm, that is formed on a substrate having a metallic thin 
film thereon. Component (a) in the stripping liquid is a 
25 quaternary ammonium hydroxide represented by the following 
general formula (I): 
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wherein all groups or at least three groups of Ri, R3, and R4 
each independently represents an alkyl group or a hydroxyalkyl 
group each having 3-6 carbon atoms, and one group of Kx, R2, Ra^ 
5 and R4 may represent an alkyl group or a hydroxyalkyl group each 
having 1-6 carbon atoms. In the case where all groups or at 
least three groups of Ri, R2^ R3. and R4 have less than 3 carbon 
atoms ^ corrosion of the metallic thin film ( especially « Cu, etc, ) 
occurs - 

10 Specific examples of component (a) include tetrapro- 

pylammonium hydroxide, tetrabutylammonium hydroxide, methyl- 
tripropylammoniura hydroxide, and methyltributylammonium hy- 
droxide. Among all, tetrapropylammonium hydroxide Is the most 
preferable in view of the strlppablllty and solubility of the 

15 photoresist pattern (cured pattern) in the cleaning liquid as well 
as the anti-corrosiveness of an easily corrosive metal such as 
Cxi. Component (a) may be used singly or in admixture of two or 
more thereof. 

The amount of component (a) is 0.5 - 15 mass %, and 

20 preferably 1-10 mass % in the cleaning liquid of the invention. 
When the amount of component (a) is less than 0.5 mass it is 
difficult to sufficiently remove the photoresist pattern, whereas 
when it exceeds 15 mass %, a corrosion is liable to occur to the 
metallic thin film (such as Cu) or an Si substrate. 

25 The water-soluble organic solvent as component (b) may be 
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an organic solvent mlsclble with water and other compounding 
components, and conventional cones may be employed. Specific 
examples Include sulfolxdes, such as dimethyl sulfoxide; sulfones. 
such as dlmethylstilfone, dlethylsulf one, 
5 bls(2-hydroxyethyl)sulfpne, and tetramethylenesulf one (I.e., 
sulforane); amides, such as N,N-dimethylf ormamide^ 
N-methyl£ormamlde , N , N- dime thy lacetamlde , N«me thy lace t amide , 
and N^N-dxethylacetamlde; lactams, such as 
N- methyl - 2 -pyrroldlone , M- ethyl - 2 -pyrrolldohe , 

10 N-propyl-2-pyrrolldon©, N-hydroxYmethYl-2-pyrrolidone, and 

N-hydroxyethyl-2-pyrrolldone; and polyhydrlc alcohols and de-- 
rivatives thereof, such as ethylene glycol, ethylene glycol 
monomethyl ether, ethylene glycol monoethyl ether, ethylene 
glycol monobutyl ether, ethylene glycol monomethyl ether acetate, 

15 ethylene glycol monoethyl ether acetate, dlethylene glycol, 

diethylene glycol monomethyl ether, dlethylene glycol monoethyl 
ether, dlethylene glycol monobutyl ether, propylene glycol 
monomethyl ether, propylene glycol monoethyl ether, propylene 
glycol monopropyl ether, and propylene glycol monobutyl ether. 

20 In the present Invention, In view of the prevention of corrosion 
of a metal and the prevention of discoloration. It Is undesirable 
to use imidazolldinones , such as 1,3 -dimethyl- 2 -Imidazolidinone, 
1,3- diethyl - 2 - imidazolidinone , and 
1 , 3 - dilsopropyl - 2 -Imidazolidinone . 

25 As component (b) in the Invention, it is preferable to use 

dimethyl sulfoxide singly or a mixed solvent of dimethyl sulfoxide 
anjd other water-soluble organic 6olvent(s). Among all. it Is 
preferable to use a mixed solvent of dimethyl sulfoxide and 
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N-methyl-2-pyrrolidone and/or sulforane In view of both of the 
strlppatollity and solubility of the photoresist pattern in the 
cleaning liquid of the invention and the antl-corrosiveness of 
Cu. Specifically, a mixed solvent of dimethyl sulfoxide and 
5 N-methyl-2-pYrrolidone is the most preferable as its superi- 
orities both in the strippability of the photoresist pattern in 
the solvent and in the dissolubility of the photoresist pattern 
in the solvent. The mixing ratio of dimethyl sulfoxide to other 
water-soluble organic solvent is preferably from about 8/1 to 1/8 

.10 (by mass ratio) . Component (b) may be used singly or in admixture 
of two or more thereof. 

The amount of component (b) is 65 - 97 mass and preferably 
70 - 96 mass % in the cleaning liquid of the invention. When the 
amount of component (b) is less than 65 mass corrosion of the 

15 metallic thin film^ the bumps, and the Si substrate is liable to 
occur, whereas when it exceeds 97 mass the strippability and 
solubility of the photoresist pattern in the cleeuiing liquid is 
lowered. 

The amount of water as component (c) is 0*5 - 30 mass 
20 and preferably 1-25 mass % in the cleaning liquid of the invention. 
When the amount of component (c) is less than 0.5 mass %, the 
strippability and solubility of the photoresist pattern in the 
cleaning liquid is insufficient, whereas when it exceeds 30 mass 
corrosion of the metallic thin film, the bumps, and the Si 
25 substrate is liable to occur. 

For the thick photoresist pattern, which is an object to 
be stripped away and dissolved by the cleaning liquid of the 
invention, any photoresist compositions for forming a thick 



pattern for the formation of a bump can be widely employed. 

Photopolymerlzatlon type negative-working photoresist 
compositions and chemical amplification type negative -working 
photoresist compositions are currently mainly employed for such 
photoresist compositions for use in forming thick patterns. The 
cleaning liquid of the invention exhibits Its advantageous 
effects to the above currently mainly used photoresist compo- 
sitions, but not limited thereto: It has been confirmed that the 
cleaning liquid of the invention also exhibits Its advantageous 
effects to the positive-working photoresist compositions for 
i-rays and chemical amplification type positive -working 
photoresist compositions. 

Among the foregoing various photoresist compositions, it 
is said the photopolymerizatlon type negative -working photo- 
resist compositions, that are polymerized upon irradiation with 
radiations and become insoluble in alkalis, are mostly diffl- 
cult-to-be-stripped away and dlf f icult-to-be-dlssolved In 
cleaning solutions In photolithography processes. The cleaning 
liquid of the invention can effectively strip away and dissolve 
such photopolymerizatlon type negative-working photoresist 
compositions • 

Examples of the photopolymerizatlon type negative -working 
photoresist compositions Include the ones containing a polymer 
component [such as (meth) aery late, cyclic alkyl group -containing 
(meth)acrylate, and styrene based polymers], a photopolymeri- 
zatlon initiator, a solvent, and a crosslinking agent as the main 
constitutional components . 

Examples of the chemical amplification type nega- 



tlve- working photoresist compositions Include the ones con- 
taining a polymer component (such as novolak resins), a 
crossllnklng agent, a photo acid generator, and a solvent as the 
constitutional components . 

An embodiment of the use of the cleaning liquid of the 
Invention and that of the method for treating a substrate using 
the cleaning liquid will be described below, however, the present 
invention is not limited thereto. 

A negative- working photoresist coating liquid, which is 
polymerized upon Irradiation with radiations and becomes in- 
soluble in alkalis. Is coated oh a substrate having a metallic 
thin film thereon by known methods, such as a spin coating method 
and a roll coating method, and then dried to make a photoresist 
layer . 

Examples of the metallic thin film include Cu, Cu alloys, 
Al, Al alloys, Nl, Au. and Pd. The formation of the metallic thin 
film is carried out by, for example, a CVD vapor deposition method, 
a sputtering method, an electroplating method, etc« , but is not 
limited thereto. 

Then , the photoresist layer is irradiated with radiations 
through a mask pattern and is selectively exposed. In the above 
negative -working photoresist, the light-exposed area Is cured by 
photopoiymerlzation to become a photo-cured area. The radiations 
include ultraviolet rays, visible rays, far ultraviolet rays, X 
rays, electron beams, and the like. As ray sources of radiations, 
a low-pressure mercury vapor lamp, a high-pressure mercury vapor 
lamp, a ultrahigh -pressure mercury vapor lamp, KrP, ArP, and P2 
exclmer laser are exemplified. 
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After tnat^ a development Is performed^ whereby the un- 
exposed area o£ the photoresist layer is removed to form a 
photoresist pattern (photo-cured pattern) having a film thickness 
of 10. - 150 Mxn. The development can be performed by common methods . 
5 In the foregoing negative-working photoresist, an alkaline 
aqueous solution is used as a developing solution. Specific 
examples thereof include sodium hydroxide, potassium hydroxide, 
sodium carbonate, sodium silicate, sodium metaslllcate, ammonia 
water, ethylamine, n-propylamine, diethylamine « 
10 dl-n- propylamine, triethylamlne , methyldlethylamine , dl- 

methylethanolamine, triethanolaralne , tetramethylammoniiJmi hy- 
droxide, tetraethylammonium hydroxide, pyrrole, piperidine, 
1 , 8 -dlazabicyclo [5.4.0] *7 -'undecene , and 

l,5-diazablGyclo[4.3.0] -5-nonane. The development time is not 
15 particularly limited but is usually from about 30 to 360 seconds. 
Conventional methods can be used for the development, such as an 
Immersion method, a paddle method, and a spray method. 

Thereafter, a photoresist -uncovered area (a metallic thin 
film-exposed area; i.e. , an un-irradiated area) on the substrate 
20 is filled with a conductive metal to form a conductive layer (a 
bump formation). For filling the conductive metal, though 
arbitrary methods can be employed, an electroplating method is 
mainly used . There are thus formed bumps having a desired height . 
The bumps usually have a height of 20 (im or more. As the conductive 
25 metal for the bump formation, arbitrary metals such as Cu, Cu 
alloys, Al, Al alloys, Nl, Au, and solder are employed. The 
cleaning liquid of the Invention is specifically effective for 
preventing corrosion of a substrate using Cu or solder as the 
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conductive metal - 

In the bump formation process « the photoresist pattern is 
thickly formed, and therefore, it is inevitable that the pattern 
is liable to cause deformation in its shape, such as collapse and 
deficiency, as compared with the case of a thin film pattern formed. 
If inconveniences, such as deforming in pattern shape, collapse 
and deficiency, are caused in the formation of photoresist 
patterns prior to the completion of the bump formation. It Is 
necessary to remove away such deformed photoresist patterns from 
the substrate and again apply the substrate for the bump formation 
from the beginning ("re-work"). 

The cleaning. liquid of the invention is specifically 
effective in removing the photoresist pattern. after the bump has 
been formed, or in removing a deformed photoresist pattern for 
the re-work process. 

That is , the cleaning liquid of the invention Is brought 
into contact with a photoresist pattern after the bump formation 
or a deformed photoresist pattern for a re-work process where a 
bump has not yet been formed, thereby to remove those patterns. 

In contacting the cleaning liquid with the photo -cured 
patterns, it is preferable to immerse the substrate entirely in 
a cleaning liquid tank. By contacting the substrate with the 
cleaning liquid, the photo-cured pattern is stripped away or fell 
down from the substrate while being partly dissolved, and further 
in the present invention^ it exhibits extremely excellent effects 
such that the thus stripped-away cured pattern is rapidly 
dissolved. Even if the cured pattern is excellently stripped away 
from the substrate, if the stripped cured pattern is remained in 
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the cleaning liquid tank without being rapidly dissolved, then 
there is the fear of the re*adhesion of the stripped-away 
photo-cured pattern or its residue to the substrate or to the 
subsequent substrate in a continuous processing. 
5 The cleaning liquid of the invention allows the photo -cured 

pattern be stripped away from the substrate and be rapidly 
dissolved even in the case of the pattern is made of a nega- 
tive-working photopolymerizable photoresist, which has hitherto 
been considered to be difficult for complete removal or to take 

10 a long period of time for removal^ and further^ even the pattern 
is thickly formed of 10 - 150 |xm* The invention exhibits effects 
such as rapid stripping from a substrate and rapid dissolution 
of the cured pattern after being stripped away. Also^ the 
invention Is able to effectively prevent corrosion of the metallic 

15 thin film and bumps (conductive layer) on the substrate. Further, 
the present invention can prevent a formation of a degenerated 
film at the interface between the bump and the photoresist 
pattern. 

The immersion time of the substrate may be a time sufficient 
20 for stripping of the photoresist pattern from the substrate and 
is not particularly limited, but is usually from about 10 seconds 
to 20 minutes . The processing temperature is preferably about 
25 - 90 ""C, and particularly about 40 - 80 ""C, in the cleaning 
liquid of the invention, cured materials could be completely 
25 dissolved within a time of about 5-60 minutes. To the contrast, 
in the conventional cleaning liquids, it took at least one hour 
for dissolving cured materials. It became possible to dissolve 
a thick photoresist within a short period of time according to 
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the cleaning liquid of the invention. 

Prior to the contact of the fiubstrate having the photo -cured 
pattern thereon with the cleaning liquid of the invention, the 
substrate may be contacted with an aqueous solutions of ozone 
and/or an aqueous solution hydrogen peroxide. 

EXAMPLES 

The invention will be hereunder described in detail with 
reference to the following Examples, but it should not be 
construed that the invention is limited thereto. All compounding 
amounts are mass % unless otherwise indicated. 
[Preparation of cleaning liquid] 

Cleaning liquids as shown in Table 1 were prepared. 
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Table 1 





Components (mass %) 




Component 
(a) 


Component 
(b) 


Component 
(c) 


Other com- 
ponents 


Cleaning 
liquid 1 


TPAH (2) 


DMSO (95) 


(3) 




Cleaning 
liquid 2 


TPAH (2) 


DMSO (75) + 
SLF (20) 


(3) 


— 


Cleaning 
llc^uid 3 


TPAH (2) 


DMSO (75) ♦ 
NMP (20) 


(3) 




Cleaning 
liquid 4 


MTPAH (2) 


DMSO (95) 


(3) 




Cledning 
liquid 5 


TBAH (5) 


DMSO (50) ♦ 

SLF (15) 
***** \ # 


(30) 




Cleaning 
liquid 6 


TBAH (5) 


DMSO (65) + 
NMP (15) 


(15) 




Cleaning 
liquid 7 


MTBAH (5) 


DMSO (45) 
NMP (30) 


(20) 




Comparative 
cleaning 
liquid 1 




DMSO (95) 


(3) 


TMAH ( 2 ) 

vAvCbAA \ mm M 


Comparative 
cleaning 
liquid 2 


TPAM (0.4) 


DMSO (99) 


(0.6) 




Comparative 
cleaning 

liquid 3 


TPAH (10) 


DMSO (50) 


(40) 




Comparative 
Gleaning 
liG|uid 4 




DMSO (00) 


(9.76) 


TMAH (0.24)/ 
MEA (10) 


Comparative 
cleaning 
liquid 5 




DMSO (98) 


(1^5) 


TMAH (0.5) 


Comparative 
cleaning 
liquid 6 




DMSO (50) ♦ 
VHXL (40) 


(8) 


TMAH (2) 


Comparative 
cleaning 
liquid 7 




DPM (62.5) 


(12.5) 


TMAH (20), 
CA (5) 



The abbreviations in Tabl 1 for the respective component 
have the following meanings. 
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TPAH: Tetrapropylanunonium hydroxide 
MTPAH: Methyl tripropylammonium hydroxide 

TBAH: Tetrabutylammonlum hydroxide 
MTBAH : Methyltrlbutylammonlum hydroxide 

5 DMSO: Dimethyl sulfoxide 
SLF : Sul£orane 
NMP : N-Methyl- 2 -pyrrolidone 
DMI : Dlmethyllmldazolldlnone 
DPM: Dlpropylene glycol monomethyl ether 
10 TMAH: Tetramethylammonlum hydroxide 
MEA: Monoethanolamlne 
CA: Catechol 

Examples 1 - 7 and Comparative Examples 1-14: 
A negative-working pHotoresist (PMER N-HC600« manufactured 
15 by Tokyo Ohka Kogyo Co. , Ltd.) was coated on substrate having a 
-Cu thin film thereon and dried to form a photoresist layer. 

Next, the photoresist layer was exposed through a mask 
pattern and subjected to alkaline development to form a 
photo-cured pattern (film thickness: 20 |xm) . 
20 The resulting substrate was immersed in the cleaning liquid 

9 shown in Table 1 (the immersion condition is as shown In Table 
2) and then rinsed with, pure water. At this time^ the strip- 
pability and the solubility of the photoresist pattern (cured 
pattern) in the cleaning liquid and the state of corrosion of the 
25 metallic thin film (Cu thin film) were evaluated by the ob- 
servation by SEM (scanning electron microscope) . The results are 
shown in Tables 2 and 3. 

[strippability and solubility of cured pattern in the cleaning 



liquid) 

S : The cured pattern, was completely stripped away from 
the substrate, and the strlpped*away cured pattern In a llguld 
tank was completely dissolved, whereby no residue was found at 
5 all. 

A: The cured pattern was stripped away from the sub- 
strate, but an undissolved portion of the stripped- away cured 
pattern in a liquid tank was slightly observed. 

B: The cured pattern could not be stripped away from the 
10 substrate. 

[State of corrosion of metallic thin film (Cu thin film) I 

S: No corrosion was occurred at all on the Cu thin film. 
A; A slight corrosion (chapping) was observed on the 

surface of the Cu thin film. 
15 B: Corrosion was occurred on the surface of the Cu thin 

film. 
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Tabl 2 





deeming liquid 


Immersion condi* 
tion 


strippa- 
bility and 
solubility 

of cured 
pattern in 
rhe clean- 
Inq liquid 


State of 
corrosion 
of me- 
tallic 
thin film 
(Cu) 


Example 1 


Cleaning liquid 1 


Immersed for 40 
minutes {at 60 **C) 


S 


S 


Example 2 


Cleaning liquid 2 


Immersed for 40 
minutes (at 60 **C) 


S 


S 


Example 3 


Cleaning liquid 3 


Immersed for 40 
minutes (at 60 ''C) 


S 


s 


Example 4 


Cleaning liquid 4 


Immersed for 40 
minutes (at 60 **C) 


S 


s 


Example 5 


Cleaning liquid 5 


Immersed for 40 

minutes (at 40 **C) 


S 


s 


Example 6 


Cleaning liquid 6 


Immersed for 40 
minutes (at 40 "^C) 


s 


s 


Example 7 


Cleaning liquid 7 


Immersed for 40 
minutes (at 40 ""O 


s 


s 


Comparative 
Example 1 


.Comparative 
cleaning liquid 1 


Immersed for 40 
minutes (at 60 **C) 


s 


B 


Comparative 
Example 2 


Comparative 
cleanlnq llcruxd 2 


Immersed for 40 
minutes (at 60 ""O 


B 


S 


Comparative 
Example 3 


Comparative 
cleaning liquid 3 


Immersed for 40 
minutes (at 60 ^C) 


S 


B 


Comparative 
Example 4 


Comparative 
cleaning liquid 4 


Immersed for 40 
minutes (at 60 ^C) 


B 


B 


Comparative 
Examole 5 


Comparative 
cleanlnq liquid 5 


Immersed for 40 
minutes (at 60 ""O 


B 


A 


Comparative 
Example 6 


Comp ar a t i ve 
cleaning liquid 6 


Immersed for 40 
minutes (at 60 °C) 


S 


B 


Comparative 
Example 7 


Comparative 
cleaning liquid 7 


Immersed for 40 
minutes (at 60 '^C) 


A 


B 


Comparative 
Example 8 


Comparative 
cleaning liquid 1 


Immersed for 40 
minutes (at 40 ""C) 


B 


S 


Comparative 
Example 9 


Comparative 
cleaning liquid 2 


Immersed for 40 
minutes (at 40 ""C) 


B 


s 


Compar at 1 ve 
Example 10 


Comparative 
cleaning liquid 3 


Immersed . for 40 . 
minutes (at 40 **C) 


A 


A 


Comparative 
Example 11 


Comparative 
cleaning liquid 4 


Immersed for 40 
minutes (at 40 "^C) 


S 


B 


Comparative 
Example 12 


Comparative 
cleaning liquid 5 


Immersed for 40 
minutes (at 40 ""C) 


B 


S 


Comparative 
Example 13 


Comparative 
cleaning liquid 6 


Immersed for 40 
minutes (at 40 **C) 


B 


S 


Comparative 
Example 14 


Comparative 
cleaning liquid 7 


Immersed for 40 
minutes (at 40 ""O 


A 


B 
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Examples 8-11 and Comparative Examples 15-16; 
Additionally / the cured patterns were evaluated with 
respect to the stripping and dissolution according to the same 
criteria as desc^rlbed above by using the cleaning liquids 1 and 
5 3 and comparative cleaning liquid 6 by shortening the Immersion 
time to 30 minutes and 20 minutes. The results are shown In Table 
3- 



Table 3 





Cleaning liquid 


Immersion condi- 
tion 


strippability 
and solubility 
of cured pattern 
in the cleaning 
liauld 


Example 6 


Cleaning liquid 1 


Immersed for 30 
minutes (at 60 *C) 


r 

S 


Example 9 


Cleaning liquid 3 


Immersed £or 30 
minutes (at 60 ^C) 


s 


Example 10 


Cleaning liquid 1 


Immersed for 20 
minutes (at 60 ?C) 


A 


Example 11 


Cleaning liquid 3 


Immersed for 20 
minutes (at 60 ''C) 


S 


Comparative 
Example 15 


Comparative 
cleaning liquid 6 


Immersed for 30 
minutes (at 60 **C) 


s 


Comparative 
Example 16 


Comparative 
cleaning liquid 6 


Immersed for 20 
minutes (at 60 ^'C) 


A 



10 Exgunple 12 and Comparative Examples 17 - 20: 

A negative -working photoresist (PMER N-HC600, manufactured 
by Tolcyo Ohfca Kogyo Co., Ltd.) was coated on a substrate having 
. a Cu thin film thereon and dried to form a photoresist layer . 

Then, the photoresist layer was exposed through a mask 
15 pattern and subjected to alkaline development to form a 
photo-cured pattern (film thickness: 20 \m) . 

After that, bumps weriB formed on the Cu thin film using a 
high- temperature solder by the electroplating process. 
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The resulting substr te was immersed (at 60 for 40 
minutes) with each of the cleaning liquid 3 and the comparative 
cleaning liquids 1, 2, 3 and 6 and then subjected to rinsing 
processing with pure water. At this time, the strippability and 
5 solubility of the cured pattern and the state of corrosion of the 
metallic thin film (Cu thin film) were evaluated according to the 
foregoing evaluation criteria. Also, the state of corrosion of 
the bumps was observed by SEM (scanning electron microscope) and 
evaluated according to the following evaluation criteria. The 
10 results are shown in Table 4. 
[State of corrosion of bumps] 

S: No corrosion was occurred at all on the Cu thin film. 

A: A slight corrosion (chapping) was observed on the 
surface of the Cu thin film. 
15 B: Corrosion was occurred on the surface of the Cu thin 

film. 



Table 4 





Cleaning 
liquid 


strippabil- 
ity and 
soliibility 

of cured 
pattern in 
tne Gleaning 
liquid 


State of 
corrosion of 
metallic 
thin film 
(Cu) 


State of 
corrosion of 
bumps 


Example 12 


Cleaning 
liquid 3 


S 


S 


S 


Comparative 
Example 17 


Comparative 
cleaning 

liquid 1 


s 




A 


Comparative 
Example 18 


Comparative 
cleaning 
liquid 2 




S 


S 


Comparative 
Example 19 


Comparative 
cleaning 
liquid 3 


s 


A 


B 


Comparative 
Example 20 


Comparative 
cleaning 
liquid 6 


S 


B 


A 
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As described above in detail, by using the cleaning liquid 
of the invention^ It Is possible to not only excellently strip 
a thick photoresist pattern for the formation of a bump from a 
substrate but also rapidly and completely dissolve the stripped 
5 photoresist pattern in the cleaning liquid without causing 

re-adhesion to the substrate. Also, it is possible to Improve the 
production efficiency. 
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